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(57) ABSTRACT

A transmission device with at least one electrical variator for
the continuous variation of a transmission ratio and with
power branching. A planetary gear unit is coupled to a trans-
mission input shaft and to a shaft of the electrical variator, and
also to a change-speed gearbox, in the area of which, in
combination with the electrical variator, a number of trans-
mission ratio ranges can be produced. Within the transmis-
sion ratio ranges, the transmission ratio of the transmission
device can in each case be varied continuously by the electri-
cal variator. Along the power path, between the shaft of the
electrical variator connected to the planetary gearunit and the
planetary gear unit itself, a mechanism is provided where at
least part of the torque transmitted along the power path,
between the electrical variator and the planetary gear unit, can
be reinforced.
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1
GEAR DEVICE HAVING AT LEAST ONE
ELECTRICAL VARIATOR FOR THE
CONTINUOUS VARIATION OF A
TRANSMISSION AND COMPRISING POWER
SPLIT

This application is a National Stage completion of PCT/
EP2013/052011 filed Feb. 1, 2013, which claims priority
from German patent application serial no. 10 2012 204 477.9
filed Mar. 21, 2012.

FIELD OF THE INVENTION

The invention concerns a transmission device with at least
one electrical variator for the continuous variation of a trans-
mission ratio and with power branching.

BACKGROUND OF THE INVENTION

Transmission devices known from practice for use in
mobile working machines such as construction site machines
and agricultural machines are increasingly made in the form
of continuously power branched transmissions. Depending
onthe application and intended purpose, these are designed as
so-termed primary coupled or secondary coupled transmis-
sions, wherein a primary or secondary coupling indicates the
respective position of the rotational speed distribution in the
transmission, either at the input or in the area of the transmis-
sion output.

Continuously power branched transmission devices of
construction site and agricultural machines are often hydro-
statically power branched transmissions, in which part of the
power passes along a mechanical path and the other part of the
power is passed by virtue of the power branching to a hydro-
static variator, in the area of which the continuous adjustment
of the transmission ratio takes place. After the power branch-
ing, the power components that have passed by way ofthe two
paths are brought together again and passed on toward the
drive output.

From DE 601 33 609 T2 and DE 197 49 074 02 drive-train
concepts are known, which are made with continuously
power branched transmission devices in which, in each case,
an electrical variator is provided.

FIG. 1 shows a vehicle drive-train 1A with a transmission
device 1 known from the prior art, which comprises an elec-
trical variator 2 for the continuous variation of a transmission
ratio of the transmission device 1. A planetary gear unit 3 of
the transmission device 1 is coupled with a transmission input
shaft 4, a shaft 29 of the variator 2 and a change-speed trans-
mission 5, in the area of which, in combination with the
variator 2, in each case four transmission ratio ranges for
forward and for reverse driving can be obtained. Within the
four transmission ratio ranges, the transmission ratio of the
transmission device 1 can in each case be adjusted continu-
ously by means of the variator 2, and for that purpose the
variator 2 is also connected in the area of a second shaft 21 to
the transmission input shaft 4. The variator 2 comprises a first
electric machine 7A and a second electric machine 7B, each
of which can be operated as a motor and as a generator.

Besides the planetary gear unit 3, the change-speed gear-
box 5 comprises three further planetary gearsets 8 to 10,
whose shafts can be coupled to one another by way of five
frictional shifting elements 11 to 15 in the manner described
in more detain later in order to obtain the four transmission
ratio ranges, and all of which are arranged coaxially on the
transmission input shaft 4.
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On the transmission output side of the change-speed gear-
box 5, two further frictional shifting elements 17 and 18 are
provided, such that when the frictional shifting element 17 is
closed forward driving is possible, whereas when the fric-
tional shifting element 18 is closed a vehicle constructed with
the vehicle drive-train 1A and the transmission device 1 can
be operated in the reverse driving direction.

In the area of a further frictional shifting element 19 the
transmission input shaft 4 connected to a drive engine 20 of
the vehicle drive-train can be coupled to a drive input shaft 22
by means of which auxiliary power takeoff drives of a vehicle,
preferably one in the form of a tractor or the like, can be
powered.

In this case the first planetary gear unit 3 is functionally
connected in the area of a sun gear 23 to the shaft 29 of the
variator 2, while a planetary carrier 24 of the first planetary
gear unit 3 is attached in a rotationally fixed manner to a ring
gear 25 of the second planetary gearset 8 and to a planetary
carrier 26 of the third planetary gearset 9. A ring gear 27 of the
first planetary gear unit 3 is coupled to a planetary carrier 28
of'the second planetary gearset 8. A sun gear 30 of the second
planetary gearset 8 is connected rotationally fixed to a sun
gear 31 of the third planetary gearset 9. A ring gear 32 of the
third planetary gearset 9 can be coupled by the first frictional
shifting element 11 to a sun gear 33 of the fourth planetary
gearset 10, whereas the sun gears 30 and 31 of the planetary
gearsets 8 and 9 can be brought into functional connection
with the sun gear 33 of the fourth planetary gearset 10 by
means of the second frictional shifting element 12. The plan-
etary carrier 24 of the first planetary gear unit 3, the ring gear
25 of the second planetary gearset 8 and the planetary carrier
26 of the third planetary gearset 9 can be brought into func-
tional connection, by means of the third frictional shifting
element 13, with a planetary carrier 34 of the fourth planetary
gearset 10, which is connected in a rotationally fixed manner
to a common outer disk carrier 35 of the frictional shifting
elements 17 and 18. A shaft in the form of a ring gear 16 ofthe
fourth planetary gearset 10 can be made rotationally fixed by
means of the frictional shifting element 15 in the form of a
brake.

An inner disk carrier 36 of the frictional shifting elements
17 is connected in a rotationally fixed manner to a gearwheel
37, which meshes with a spur gear 38 connected in a rotation-
ally fixed manner to a transmission output shaft 39 of the
transmission device 1. In addition, an inner disk carrier 40 of
the frictional shifting element 18 is coupled to a spur gear 41,
which by way of an intermediate wheel 42 that meshes with it,
engages with a further spur gear also connected in a rotation-
ally fixed manner to the transmission output shaft 39.

The transmission output shaft 39 is functionally connected
by way of a bevel gear, in a manner not illustrated in more
detail, to an axle differential transmission device of a driven
vehicle axle 44 forming a rear axle of the vehicle, and can be
coupled by a further frictional shifting element to a second
driven vehicle axle.

To obtain the first transmission ratio range for forward
driving or for reverse driving, the frictional shifting elements
11 and 15 must be changed to their closed condition whereas
the other frictional shifting elements 12, 13 and 14 must be
open. If a change starting from the first to the second trans-
mission ratio range is called for, the first frictional shifting
element 11 has to be opened and the second frictional shifting
element 12 closed, while the frictional shifting element 15
remains in its closed condition and the shifting elements 13
and 14 remain open.

Starting from the second transmission ratio range, if a
change to the third transmission ratio range is called for, the
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frictional shifting element 15 has to be opened and the fric-
tional shifting element 13 closed, whereas for a change from
the third to the fourth transmission ratio range the frictional
shifting element 13 has to be opened and the further frictional
shifting element 14 changed to its closed operating condition
while at the same time the frictional shifting element 12 is
closed.

When the first transmission ratio range is engaged, a
vehicle constructed with the vehicle drive-train 1A according
to FIG. 1 can be operated in a speed range from 0 to around 6
km/h. When the second transmission ratio range is engaged,
it can be operated in a speed range from around 6 km/h to
around 13.5 km/h, and when the third transmission ratio
range is engaged a speed range for operating the vehicle
between around 13.5 and around 27 km/h is available. With
the transmission device 1 according to FIG. 1, if the fourth
transmission ratio range is engaged the vehicle can be oper-
ated within a speed range of around 27 to around 58 km/h.

In this case, however, it is problematic that by virtue of the
design layout, the maximum transmissible power in the area
of'the electric machines 7A and 7B in some operating ranges
of the vehicle drive-train 1A or speed ranges of a vehicle
constructed with the vehicle drive-train 1, restricts a trans-
mission output torque and hence the traction force in the area
of the wheels of the driven vehicle axles 44. This occurs
particularly in operating ranges within which idle power is
circulating, and causes high loading in the area of the electric
machines 7A and 7B.

If a vehicle constructed with the vehicle drive-train 1A is
operated in operating ranges precisely around a speed at
which a shaft of the planetary gear unit 3 connected thereto
must be brought to rest by one of the electric machines 7A or
7B, the electric machine 7A or 7B has to be operated as a
generator so that in the area of the electric machine the rota-
tional speed in some circumstances has to be controlled to
zero, even for a prolonged operating period. Particularly
when the electric machine 7A or 7B is controlled without
sensors, the regulation of very low speeds down to zero is very
complicated.

SUMMARY OF THE INVENTION

Accordingly, the purpose of the present invention is to
provide a compact and inexpensive transmission device by
means of which a desired drive power in the area of a drive
output of a vehicle drive-train can be obtained.

According to the invention, this objective is achieved with
a transmission device having the characteristics described
below.

In the transmission according to the invention with at least
one electrical variator for the continuous variation of a trans-
mission ratio and with power branching, a planetary gear unit
is coupled to a transmission input shaft and to a shaft of the
electrical variator and also to a change-speed transmission, in
the area of which, in combination with the electrical variator,
a number of transmission ratio ranges can be produced. In
each case, within the transmission ratio ranges the transmis-
sion ratio can be varied continuously by means of the electri-
cal variator.

According to the invention, in the power path between the
shaft of the electrical variator connected to the planetary gear
unit and the planetary gear unit itself, a mechanism is pro-
vided, in the area of which at least part of the torque trans-
mitted in the power path between the variator and the plan-
etary gear unit can be reinforced.

By virtue of the mechanism of the transmission device
according to the invention, in critical operating ranges, it is
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made possible in a simple manner to reduce the load on the
electrical variator by reinforcing at least part of the torque
transmitted in the power path between the variator and the
planetary gear unit. This can boost the power of a vehicle
drive-train constructed with the transmission device accord-
ing to the invention without design modifications and without
increasing the dimensions of the electrical variator and so also
its manufacturing costs and fitting space occupation, while
providing a desired drive power during the operation of a
drive output of a vehicle drive-train, to the required extent,
while saving space and at the same time keeping the produc-
tion costs down.

Compared with known electrical power-branched trans-
missions, the transmission device according to the invention
is adjusted to the effect that the electric machine arranged in
the power branching and whose maximum transmissible
power has a limiting effect, is reinforced in such manner that
despite its limited power in the power-branched path a higher
torque and a higher power can be provided in the area of the
planetary gear unit functionally connected thereto, so that a
higher torque can be transmitted by the transmission device.

If electric auxiliary consumers of a vehicle constructed
with the transmission device are supplied with electric power
from the intermediate circuit of the electrical variator, then
during a briefly elevated demand for electric power from the
intermediate circuit for supplying the auxiliary consumers the
possibility arises that the electric machine supplying the aux-
iliary consumers, which is involved in the support of the
planetary gear unit, can be relieved of load by the additional
mechanism so that the elevated electric demand due to the
auxiliary consumer is covered.

Moreover, within speed ranges in which a shaft of the
planetary gear unit has to be brought to rest by the electric
machine of the electrical variator, by virtue of the mechanism
the shaft of the planetary gear unit can be brought to rest by
the mechanism and the electric machine can therefore be
relieved of load.

During operating conditions of the transmission device in
which small rotational speeds have to be maintained in the
planetary gear unit, this too can be done by the mechanism
with little effort at the same time as with lower loading of the
electrical variator, for example by operating a frictional brake
with slight slipping.

In this case, i.e. when low rotational speeds are to be
maintained in the area of the planetary gear unit or its shafts,
the action mode of the mechanism can be specified in such
manner that in the area of the electrical variator or an electric
machine thereof no torque has to be reinforced so that the
power loss in the area of the electrical variator is reduced and
the efficiency of the transmission device is increased.

In a simply designed embodiment of the transmission
device according to the invention the mechanism is coupled in
the area of the shafts of the electrical variator into the power
path between the electrical variator and the planetary gear
unit.

In an also simple and inexpensive embodiment of the trans-
mission device according to the invention, the mechanism
comprises a brake, for example a disk brake, which is pref-
erably supported relative to the housing of the transmission
device and by means of which the torque in the area of the
electrical variator can be reduced.

In certain operating ranges of a vehicle drive-train con-
structed with the transmission device according to the inven-
tion, for example during a starting process, high supporting
torques and loads arise in the area of the planetary gear unit,
which can give rise to high electric loads in the area of the
electric machines of the electrical variator that do not occur in
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other operating and speed ranges of a vehicle drive-train or
vehicle constructed with the transmission device.

In the area of the power branching or preferably in the area
of'an electric machine of the electrical variator, the planetary
gear unit is reinforced in a simply designed manner by the
brake which, in addition to the electric machine, brakes the
gearwheels of the planetary gear unit involved relative to the
transmission housing and is preferably operated with some
slip.

In this case the brake can be designed as a dry-operating or
a wet-operating disk brake. Furthermore, a braking torque
can also be provided by a magneto-rheologically operating
brake or with the help of other transfer principles by way of
hydraulic, electrical or mechanical actuation or a combina-
tion thereof.

If'the brake is operated in a controlled manner its reinforc-
ing action can be quantitatively regulated very effectively in
collaboration with the electric machine of the electrical varia-
tor.

To avoid or reduce the power loss occurring in the area of
a friction brake, which adversely affects the efficiency of the
transmission, in other advantageous embodiments of the
transmission device according to the invention the mecha-
nism is constructed with a pump device and/or an electric
machine that can operate as a generator, by virtue of which the
braking torque to be applied in the area of the mechanism in
each case in order to relieve the load on the electrical variator
is used to generate electric power or to supply a hydraulic
system or the like.

If the electrical variator comprises at least two electric
machines, two inverters for controlling the electric machines
and an electric intermediate circuit, the transmission device
can be produced inexpensively using standard components.

In the case of a primary power-branched transmission
device, the planetary gear unit acts as a common gear assem-
bly and gearwheels of the planetary gear unit are supported in
the power branch in the area of one of the electric machines of
the electrical variator in order to produce a defined transmis-
sion ratio of the transmission device.

If the transmission device is designed as a secondary
coupled system, the planetary gear unit or gearwheels thereof
acting as a distributing gear system in the power branch is
supported in the area of one of the electric machines of the
electrical variator in order to produce a defined transmission
ratio.

Both the features defined in the claims and those indicated
in the following example embodiment of the transmission
device according to the invention are in each case suitable,
whether considered in isolation or in any combination with
one another, for the further development of the object of the
invention. In relation to such further development of the
object of the invention, the respective combinations of fea-
tures have no restrictive force but are presented only as
examples.

BRIEF DESCRIPTION OF THE DRAWINGS

Further advantages and advantageous embodiments of the
transmission device according to the invention emerge from
the example embodiment whose principle is described with
reference to the drawing, which shows:

FIG. 1: A schematic representation of a vehicle drive-train
constructed with a transmission device known from the prior
art; and
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FIG. 2: A representation corresponding to FIG. 1, showing
an example embodiment of the transmission device according
to the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The example embodiment of the transmission device 1
shown in FIG. 2 comprises essentially the same assemblies as
the transmission device 1 in FIG. 1, in order to be able to
obtain four transmission ratio ranges for forward and for
reverse driving, so that as regards the associated functionality
of the transmission device 1 of FIG. 2, reference should be
made to the earlier description concerning FIG. 1.

The transmission device 1 in FIG. 2 differs from the trans-
mission device 1 shown in FIG. 1 essentially in that a mecha-
nism 45 comprising a friction brake is provided between the
planetary gear unit 3 and the second shaft 29 of the electrical
variator 2.

Reaching the maximum permissible power limit in the area
of'the electrical variator 2, particularly at the beginning of the
second and the fourth transmission ratio ranges of the trans-
mission device 1, acts to oppose any appreciable power
increase in the vehicle drive-train 1A and thus in the area of
the transmission device 1. By virtue of the mechanism 45, on
the other hand, the power peaks that occur in the area of the
electrical variator 2, which oppose a power increase particu-
larly at the beginning of the second and fourth transmission
ratio ranges, are avoided since the load, namely the electric
power in the example embodiment of the electrical variator 2
concerned during critical operating conditions, is reduced in
a simple manner by appropriate operation of the mechanism
45.

The reduction of the load of the electrical variator 2 is
enabled by the fact that during the critical operating range or
at the beginning of the second and at the beginning of the
fourth transmission ratio range, the electrical variator 2 is
operating in a braking mode in order to brake the sun gear 23
of the planetary gear unit 3. The unacceptably high loads in
the area of the electrical variator 2 are reduced during slipping
operation of the mechanism 45 made with the friction brake.

Moreover, the mechanism can also be made with an elec-
tric machine which, compared with the version of the mecha-
nism having a friction brake, is an energetically more favor-
able design since the braking torque produced in the area of
the electric machine can in turn be used to generate electrical
power. In a vehicle system this electrical power can be used
for charging a battery or even for propulsion purposes.

Alternatively to the design of the mechanism as en electric
machine, it is also possible to provide other power-consuming
devices such as a pump device or the like, in order to be able,
to a desired extent, to reduce a load in the area of the electrical
variator during critical operating conditions and at the same
time to be able to obtain a desire drive power in the area of the
transmission output shaft.

Depending on the application in each case, the mechanism
can also be constructed with a friction brake, with a pump
and/or with an electric machine, such that the brake, pump
and/or electric machine can be operated separately or simul-
taneously in order to be able, at least partially, to reinforce the
torque to be transmitted in the power path between the elec-
trical variator and the planetary gear unit.

INDEXES

1 Transmission device
1A Vehicle drive-train
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2 Variator

3 Planetary gear unit

4 Transmission input shaft

5 Change-speed transmission

7A, 7B Electric machine

8 to 10 Planetary gear unit

11 to 15 Frictional shifting element

16 Shaft of the planetary gear unit

17, 18 Frictional shifting element

19 Further frictional shifting element

20 Drive engine

21 First shaft of the variator

22 Drive input shaft

23 Sun gear of the planetary gear unit 3

24 Planetary carrier of the planetary gear unit 3

25 Ring gear of the planetary gear unit 8

26 Planetary carrier of the planetary gear unit 9

27 Ring gear of the planetary gear unit 3

28 Planetary carrier of the planetary gear unit 8

29 Second shaft of the variator

30 Sun gear of the planetary gear unit 8

31 Sun gear of the planetary gear unit 9

32 Ring gear of the planetary gear unit 9

33 Sun gear of the planetary gear unit 10

34 Planetary carrier of the planetary gear unit 10

35 Outer disk carrier of the frictional shifting elements 17 and
18

36 Inner disk carrier of the frictional shifting element 17

37 Gearwheel

38 Spur gear

39 Transmission output shaft

40 Inner disk carrier of the frictional shifting element 18

41 Spur gear

42 Intermediate wheel

43 Further spur gear

44 Driven vehicle axle

45 Mechanism

The invention claimed is:

1. A transmission device (1) comprising:

at least one electrical variator (2) for continuous variation
of a transmission ratio and with power branching,

a planetary gear unit (3) being coupled to a transmission
input shaft (4), a shaft (29) of the electrical variator (2)
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and a change-speed transmission (5), in an area of 45

which, in combination with the electrical variator (2), a
plurality of transmission ratio ranges can be obtained,
within which the transmission ratio, in each case, can be
continuously varied by the electrical variator (2),

a mechanism (45) being provided along a first power path,
between the shaft (29) of the electrical variator con-
nected to the planetary gear unit (3) and the planetary
gear unit (3) itself, in an area of which at least part of the
torque transmitted along the first power path, between
the electrical variator (2) and the planetary gear unit (3),
can be reinforced, and

the mechanism (45) comprising a brake being constructed
as either a pump device or an electric machine that can be
operated as a generator.

2. The transmission device according to claim 1, wherein
the mechanism (45) is coupled in the first power path,
between the electric variator (2) and the planetary gear unit
(3), in the area of the shaft (29) of the electric variator (2).

3. The transmission device according to claim 1, wherein
the electrical variator (2) comprises at least two electric
machines (7A, 7B), two inverters for controlling the electric
machines (7A, 7B) and an electric intermediate circuit.
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4. The transmission device (1) of claim 1, wherein the first
power path passes from the transmission input shaft (4)
through the electrical variator (2) to an output shaft (39), and
a second power path passes along a mechanical path from the
transmission input shaft (4) to the transmission output shaft
39).

5. The transmission device (1) of claim 1, wherein the
mechanism (45) includes is the pump device which supplies
a hydraulic system.

6. The transmission device (1) of claim 1, wherein the
mechanism (45) includes the electric machine which gener-
ates electric power.

7. A transmission device (1) comprising:

at least one electrical variator (2) for continuous variation
of a transmission ratio and with power branching,

a planetary gear unit (3) being coupled to a transmission
input shaft (4), a shaft (29) of the electrical variator (2)
and a change-speed transmission (5),

a plurality of transmission ratio ranges can be obtained
with the change-speed transmission (5) in combination
with the electrical variator (2),

a transmission ratio, for each of the transmission ratio
ranges, being continuously varied by the electrical varia-
tor (2),

a mechanism (45) being arranged along a power path
between the shaft (29) of the electrical variator, which is
connected to the planetary gear unit (3), and the plan-
etary gear unit (3),

at least a portion of torque transmitted along the power
path, between the electrical variator (2) and the plan-
etary gear unit (3), being reinforced, and

the mechanism (45) comprising a disk brake and either a
pump device or an electric machine that is operable as a
generator.

8. The transmission device (1) of claim 7, wherein the
mechanism (45) includes the pump device which supplies a
hydraulic system.

9. A transmission device comprising:

at least one electrical variator comprising first and second
electrical machines for the continuous variation of a
transmission ratio,

the first electrical machine being coupled to a transmission
input shaft and the second electrical machine being
coupled to a variator shaft, and the first and the second
electrical machines facilitate power branching along
first and second power paths;

afirst planetary gear unit being coupled to the transmission
input shaft,

a first powerr path passing from the input shaft through the
first electric machine, to the second electric machine and
to the first planetary gear unit,

the change-speed transmission being located axially down-
stream of the first planetary gear unit,

the first planetary gear unit and the change-speed transmis-
sion comprising planetary gearsets and frictional shift-
ing elements which are engagable for implementing a
plurality of transmission ratio ranges;

a drive input shaft being selectively connectable to the
transmission input shaft for transmitting power to an
auxiliary power takeoff, and a transmission output shaft
being connectable to a drive output of the change-speed
transmission for transmitting power to a vehicle axle,

a mechanism being connected to the variator shaft of the
second electrical machine and being axially located
between the electrical variator and the first planetary
gear unit, the mechanism reinforcing torque along the
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first power path between the electrical variator and the
first planetary gear unit, and

the mechanism having a pump device.

10. The transmission device of claim 9, wherein the mecha-
nism includes a disk brake supported relative to a housing of
the transmission device.

11. The transmission device of claim 9, wherein the mecha-
nism includes a wet operating disk brake.

12. The transmission device of claim 9, wherein the mecha-
nism includes a dry operating disk brake.

13. The transmission device of claim 9, wherein the pump
device supplies a hydraulic system.

14. The transmission device of claim 9, wherein the mecha-
nism includes an electric machine which generates electric
power.

15. The transmission device of claim 9, wherein

the transmission input shaft is coupled to a ring gear of the

first planetary gear unit;

the variator shaft of the second electrical machine is

coupled to a sun gear of the first planetary gear unit;
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the change speed transmission includes second, third, and
fourth planetary gears and five frictional shifting ele-
ments;

the ring gear of the first planetary gear is coupled to a
carrier gear of the second planetary gear;

a carrier gear of the first planetary gear is coupled to a
carrier gear of the third planetary gear and selectively
coupleable to a carrier of the fourth planetary gear via
one of the five frictional shifting elements; and

the transmission input shaft is further coupled to a further
frictional shifting element that selectively couples the
transmission input shaft to a drive input shaft of'a power
takeoff drive.

16. The transmission device of claim 9, wherein one of the
first electric machine and the second electrical machine is
controlled without sensors.

17. The transmission device of claim 9, wherein the mecha-
nism sufficiently reinforces torque such that no torque must to
be reinforced by the second electrical machine.
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